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California Energy Commission  

1516 Ninth Street, MS-39 

Sacramento, CA 95814 

 

2019 Integrated Energy Policy Report 

19-IEPR-08 - Natural Gas Assessment 

 

Environmental Defense Fund (EDF) is pleased to offer comments to the California            

Energy Commission in response to the 2019 Integrated Energy Policy Report (IEPR).  

 

IEPR is an important report that will govern the way California’s energy resources are              

managed to protect the environment, public health and safety, while ensuring energy            

reliability and enhancing the economy. By way of these comments, EDF hopes to inform              

future decision making about the use of natural gas in the state of California, particularly               

how best to include biogas in the state’s energy economy.  

 

These comments are in the form of an article published by EDF, titled ‘Not all biogas is                 

created equal’ as well as a paper from the World Resources Institute (WRI), titled ‘The               

Production and Use of Waste-Derived Renewable Natural Gas as a Climate Strategy in             

the United States’. The article discusses the basics of biogas, noting it as a potential               

carbon reduction strategy for utilities, but only if developed with safeguards from            

leakage and cautioning against new biogenic methane generation from sources not           

currently producing it. The WRI working paper further explores these notions of biogas’             

potential in the U.S., positing two key conditions for ensuring that biogas is climate              

positive, when compared to fossil fuels used to power vehicles.  

 

Sincerely, 

Timothy O’Connor  

Senior Director  

Environmental Defense Fund  



By EDF Blogs / Bio / Published: April 15, 2019

By Joe Rudek and
Stefan Schwietzke

In this climate­
conscious economy,
where many consumers
demand cleaner energy
options, gas companies
are exploring more
opportunities to reduce
their carbon footprint.

One option gaining traction is biogas – a form of natural gas that comes
from decaying biological sources (like decomposing food and manure),
rather than fossil fuels. In fact, gas utilities from Vermont to California
have introduced programs to allow their customers to purchase biogas
through the existing gas system.

Some utilities suggest that biogas cuts carbon emissions across the
energy sector. However, the reality is that biogas must be developed
with safeguards that protect the climate and local environmental

Not all biogas is created equal

http://blogs.edf.org/energyexchange/author/admin/
http://www.edf.org/
http://blogs.edf.org/energyexchange/files/2019/04/Biogas.png
https://www.edf.org/people/joe-rudek
https://www.edf.org/people/senior-contributing-scientists
https://www.socalgas.com/smart-energy/renewable-gas/biogas-and-renewable-natural-gas
https://www.edf.org/


conditions, and is only one tool among many needed to address the
climate crisis.

The biogas basics

Biogas is typically about two­thirds methane (CH4) and one­third
carbon dioxide (CO2). Both are climate pollutants, and while CH4
doesn’t last in the atmosphere as long as CO2 (about 10 years
compared with hundreds of years) it’s far more potent – responsible for
about 25% of current global warming.

Biogas can be processed to about 95% CH4 – what is often called
biogenic CH4 or renewable natural gas (RNG). When biogenic CH4 is
combusted (on a stove top burner, for instance) it still creates CO2
emissions, but since the biogas is derived from plants (which naturally
remove CO2 from the atmosphere), the CO2 emissions are generally
considered climate­neutral as relatively little fossil carbon is added to
the atmosphere. So, there are climate benefits to capturing and using
biogenic CH4 gas currently emitted from landfills, lagoons, animal­
feeding operations and other existing sources. Even if this CH4 capture
is imperfect, it’s beneficial because there is a net reduction in CH4
emissions. In addition, when used as a fuel, it can provide climate
benefits by reducing use of fossil energy sources.

But not all biogas is carbon neutral.

The right (and wrong) way to develop biogas

Not all biogas is created equal
CLICK TO TWEET
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The benefits of capturing and using biogenic CH4 strongly depend on
where the biogas comes from and the infrastructure used to process
and deliver it. For example, while some leakage in the capture of
current CH4 emissions sources still reduces net pollution, if new
biogenic CH4 were generated from sources not currently producing it
(for example wood product wastes or purpose grown crops),
subsequent leakage of that new biogenic CH4 would increase
atmospheric CH4 concentrations. Given the potency of CH4, any net
increase in emissions would be counterproductive. Biogas production
also only generates climate benefits if it replaces fossil gas instead of
adding to global production.

A 2018 peer­reviewed paper by Alvarez et al (2018) estimates that a
loss rate of about 3% negates the climate benefits of replacing fossil
natural gas with biogenic CH4 generated from new sources for at least
a couple of decades. This underlines the importance of minimizing CH4
leakage, which is equally relevant for biogas.

Therefore, according to Alvarez et al., even the climate benefits of
capturing and using existing emission sources could be overcome if
higher net CH4 emissions results. One example of this would be a
landfill CH4 capture system that currently flares captured biogas where
subsequent diversion of the biogas for processing, pipeline distribution
and use results in higher CH4 emissions relative to flaring.

A framework for biogas oversight

A 2018 paper from the World Resources Institute (WRI) proposes two
key conditions to consider to ensure biogas is climate positive.

http://science.sciencemag.org/content/361/6398/186
https://www.wri.org/publication/renewable-natural-gas


First, biogas must be produced from waste, and not other sources of
organic material. Use of waste avoids competition with food
production, timber, other human needs and ecosystem carbon
storage.

Secondly, biogas must reduce net CH4 emissions to the
atmosphere. As referenced earlier, net increases in emissions can
occur when biogas comes from new CH4 sources (methane that
would not otherwise have entered the atmosphere), or existing
biogas sources whose capture systems result in higher net CH4
emissions.

Since it’s clear that biogas must be sourced responsibly to be a true
climate win and avoid creating more problems than it solves, state and
local agencies must be careful not to overestimate the volume of
biogas available to replace fossil fuels.

A final element to consider is the management of the remaining waste
products from the anaerobic digestion of animal manure. The nutrient­
rich solids and effluent remaining in the digester are typically applied to
nearby crops, but appropriate care must be taken to avoid impacts to
water, air, and nearby communities.

Where all of these conditions are met, biogas could present a major
opportunity for farms and other existing agricultural sources to reduce
waste by cutting flaring and useable CH4 losses.

A clear direction forward on biogas

Replacing fossil fuels with biogenic CH4 only works for the climate if
biogas is responsibly sourced and emissions are very well controlled.



Otherwise, conditions could cause perverse climate impacts that
undercut or even totally eliminate the value of biogas. Decision­makers,
such as Public Utilities Commissions and legislatures, should closely
evaluate new biogas proposals to determine if they really can deliver
climate benefits.

257 Park Avenue South, New York, NY 10010
 Copyright © 2017 Environmental Defense Fund. All Rights Reserved.
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Renewable Natural Gas as a Vehicle  
Fuel in the United States
The production of RNG from organic waste for 
use as a vehicle fuel is an emerging strategy that 
businesses, states, and municipalities are pursu-
ing to make use of waste-derived methane and 
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▪
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Key Findings
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More data, analysis, and on-the-ground experi-
ence are needed to fully evaluate the climate and 



6  |  



WORKING PAPER  |  April 2018  |  7

The Production and Use of Renewable Natural Gas as a Climate Strategy in the United States 

RNG PRODUCTION AND TRENDS  
IN THE UNITED STATES 
RNG production for vehicle fuel is relatively limited in the 
United States but is growing rapidly due in part to shift-
ing waste management practices and the recognition of 
RNG as a renewable and low-carbon fuel under federal 
and state policies (Linville et al. 2015; U.S. Department 
of Energy 2017a; Warner et al. 2017). In this section, we 
describe the RNG supply chain (as produced through 
anaerobic digestion of waste), the basis for its production 
and use as a renewable or low-carbon strategy, and its cur-
rent production and trends in the United States. 

The RNG Supply Chain  
Figure 1 illustrates the production of RNG from anaerobic 
digestion of waste and its use as a vehicle fuel. The supply 
chain includes feedstock collection (in some cases), con-
version of feedstocks to biogas, conditioning or cleaning 
and upgrading of biogas to produce RNG, distribution of 
RNG, and use of RNG in vehicles. 

Most RNG in the United States is produced through 
anaerobic digestion, a process that converts organic mate-
rials into biogas through decomposition in the absence 
of oxygen. Anaerobic digestion technologies are mature 
and commercially available today and are generally best 
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federal renewable fuel standard and state low-carbon fuel 
standards and is used as a tool to reduce waste methane 
emissions, described below. 

Renewable and low-carbon fuel standards
The federal Renewable Fuel Standard (RFS) requires a 
certain volume of renewable fuels to replace or reduce 
petroleum-based transportation fuel sold in the United 
States (Energy Policy Act 2005; Energy Independence and 
Security Act  2007). The U.S. Environmental Protection 
Agency (EPA) sets required volumes each year for four 
renewable fuel categories, which require the following 
minimum life-cycle GHG emissions improvement thresh-
olds compared to the petroleum-based fuel they replace: 

▪
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RNG Projects in the United States 
Although thousands of sites produce biogas, few currently 
upgrade biogas to RNG. A publicly available database of 
RNG projects does not currently exist, but preliminary work 
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However, these sources would not necessarily generate net 
GHG reductions in every case, as we discuss in Section 2. 
In addition, more work is needed to estimate the techni-
cal or market potential of RNG that could be produced 
from these resources given shifting market dynamics over 
time, competition among various feedstocks and end uses, 
energy prices, incentives and other revenue streams, and 
other factors. Only a few studies have gone beyond an 
assessment of feedstock availability to estimate the techni-
cal or market potential of RNG that can be produced from 
these sources at the national level:9

▪
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ACHIEVING CLIMATE BENEFITS FROM RNG 
PRODUCTION AND USE
Municipalities, states, companies, or other entities consid-
ering RNG as part of a climate strategy will need to ensure 
that RNG projects and policies result in deep GHG emis-
sion reductions. 

Under What Conditions Can RNG Production 
and Use Achieve Large Net GHG Benefits?   
Determining RNG’s carbon intensity as a vehicle fuel 
requires a life-cycle accounting of energy use and GHG 
emissions from all stages of the RNG supply chain, from 
production through end use (also known as “well-to-
wheels”), as well as the GHG emissions avoided as a result 
of RNG production and use of its coproducts. 

Figure 4 provides a generic illustration of typical sources 
of emissions and avoided emissions across RNG supply 
chains produced from anaerobic digestion of wet waste 
sources. The counterfactual reference case pathway 
represents an assessment of how the waste materials 

would otherwise be managed if not digested and made 
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associated with the RNG pathway (shown in the bottom 
panel of Figure 4) and subtracting the avoided emissions 
from the reference case and use of RNG coproducts (top 
panel). RNG’s net GHG emissions will be negative when 
reference case emissions are greater than emissions under 
the RNG pathway. 

The GHG impact of an RNG project or policy can be 
determined by comparing its net life-cycle emissions to 
that of the fossil fuel it replaces, which will typically be 
either diesel fuel or conventional natural gas in the case 
of heavy-duty vehicles. The net life-cycle emissions or 
life-cycle carbon intensity of RNG can also be useful for 
comparing against other low-carbon technology and fuel 
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Box 2  |  Shifting Feedstocks from Other Bioenergy Uses to RNG for Vehicle Fuel

Most biogas that is currently collected and 
used for energy at landfills, livestock opera-
tions, and wastewater treatment plants is used 
for power or heat applications, driven in part 
by renewable electricity markets and other 
renewable policies (Murray et al. 2014; Russell 
et al. 2017). However, the economics are shifting 
with increasing incentives provided by renew-
able vehicle fuel markets, greater availability of 
lower-cost renewable electricity resources (that 
is, wind and solar), and increasingly stringent 
air quality regulations that power generators 
must meet (Miller et al. 2015). Operators of 
some existing biogas projects are finding that 
they are offered much lower rates from utilities 
when their power purchase agreements expire 
(U.S. Department of Agriculture et al. 2015). As 
a result, sites currently using biogas for power 
and/or heat may choose to shift resources to 
RNG production for vehicle fuel after or even 
before current power purchase agreements 
expire. 

While these decisions will largely be driven by 
economics, policymakers using RNG as part 
of a climate portfolio will need to consider the 

GHG impacts of shifting resources already being 
used for other bioenergy applications to RNG 
for vehicle fuel. In general, the greatest GHG 
benefits of RNG can be achieved by using waste 
that is not currently being used to produce bio-
energy. The issue is one of additionality:  GHG 
reductions only result from additional efforts. 
Because biogas is likely to replace fossil fuels, 
whether used for heat and power or for use in 
vehicles, shifting resources that are already 
being used for electricity production is unlikely 
to result in very large additional GHG emissions 
reductions. 

However, exceptions may exist. For example, 
RNG could lead to additional reductions if 
producers would otherwise begin flaring their 
biogas if they were unable to renew their cur-
rent power purchase agreements. It could also 
potentially be more beneficial from a climate 
and economic perspective to upgrade biogas 
to RNG for applications that can’t be easily or 
cheaply electrified, like heavy-duty vehicles, 
rather than electricity generation where other 
low-cost, zero-carbon resources like wind and 
solar already exist. However, innovations in 

electric battery and hydrogen fuel cell electric 
trucks and buses by Tesla, Nikola, and others 
may open up opportunities for electrification of 
heavy-duty transportation more quickly than 
once expected. The Union of Concerned Scien-
tists (2017) argues that RNG could be used most 
efficiently and achieve the greatest potential 
GHG reductions when used to power electric 
vehicles rather than as a vehicle fuel in itself. 

The net impact of shifting existing feedstocks 
to RNG will depend on the relative efficiency of 
use, the electricity mix currently being replaced 
with electricity from biogas, and other factors 
that would need to be determined on a context-
specific basis using a life-cycle GHG assess-
ment, as described in more detail in the main 
text. Further analysis of the relative benefits of 
RNG in competing applications or the best use 
of feedstocks in various potential bioenergy 
applications could help inform further evalua-
tion of RNG as part of a climate change strategy 
(for example, full life-cycle analyses of various 
end uses for feedstocks as described in Miller et 
al. [2015]). We do not conduct such an evalua-
tion in this paper. 

Box 2). Some forms of agricultural, forestry, and green 
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3.	 Anaerobic digestion techniques lead to more 
methane production than would have occurred 
under typical management practices. This may 
occur when a primary feedstock is supplemented 
with other wastes, including FOG, food scraps, 
or agricultural waste, as a means to increase 
total methane production, a practice commonly 
used with animal manure and wastewater sludge 
(Linville et al. 2015). 

The circumstances under which new methane is produced 
may change as the reference case changes over time due to 
shifts in management practices and technologies. 

RNG projects that lead to new methane production can 
lead to a net increase in methane emissions due to meth-
ane leaks and venting that occurs throughout the RNG 
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Which RNG Projects Can Meet These Conditions?
RNG produced from wet wastes that are presently already 
leading to methane emissions in typical management 
practices is most likely to meet both conditions described 
previously. These projects generally include food and yard 



WORKING PAPER  |  April 2018  |  19

The Production and Use of Renewable Natural Gas as a Climate Strategy in the United States 

Box 3  |  Assumptions Used in the California Air Resources Board Certified RNG Pathways

The California Air Resources Board assumes 
a 100-year global warming potential of 25 for 
methane and provides the default methane 
leakage assumptions listed in Table 2 in the 
model underlying certified carbon intensities 
of RNG fuel pathways (CA-GREET 2.0). These 
assumptions, among others, will significantly 
affect the life-cycle carbon intensities of RNG 
calculated using this tool. As we discuss in 
the text, methane leakage rates from biogas 
production and processing have not been well 
studied. If life-cycle analyses underestimate 
these or other methane leakage rates along 

the supply chain, the actual carbon intensi-
ties of RNG would be higher. Recent work by 
Clark et al. (2017), for example, found higher 
leakage rates from some types of vehicles than 
currently used as default assumptions in the 
GREET tool. Likewise, if policymakers or other 
potential RNG project developers are concerned 
about the warming potential of methane along 
a shorter time period than 100 years, a higher 
global warming potential for methane would 
be appropriate, which would decrease the 
calculated carbon intensities for RNG pathways 
that lead to a net reduction in methane pro-

duced (for example, animal manure and food 
and green waste) and increase the calculated 
carbon intensities for pathways that lead to a 
net increase in methane produced (for example, 
wastewater sludge). Sensitivity analysis of RNG 
carbon intensities based on a range of assumed 
leakage rates, global warming potential, and 
other key assumptions would be helpful to get 
a better sense of the range of potential GHG 
reductions possible with waste-derived RNG.

Table 2  |  Default Methane Leakage Rates from Waste RNG Pathways Certified by the California Air Resources Board 

RNG PATHWAY METHANE LEAKAGE RATE SOURCE

ANAEROBIC DIGESTION

     Livestock Manure 2–5% of initial methane produceda
California-modified Greenhouse Gases, Regulated Emissions, and Energy Use in 
Transportation tool (CA-GREET 2.0), Dairy CNG Template, Offset Credit Tab, April 17, 
2017, https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet2-dairycng.xlsma 

     Wastewater Sludge 1% of initial methane produced CA-GREET 2.0, RNG Tab, September 29, 2015,  
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm 

BIOGAS CONDITIONING 

     Landfill Gas 1% of methane at inlet to upgrading CA-GREET 2.0, RNG Tab, September 29, 2015,  
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm

     Livestock Manure 2% of RNG at inlet to upgrading CA-GREET 2.0, Dairy CNG Template, Offset Credit Tab, April 17, 2017,  
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet2-dairycng.xlsm

     Food and Green Waste 1% of initial methane produced plus 
2% of purified methaneb  

CARB Certified High-Solids Anaerobic Digestion Pathway,  
(California Air Resources Board 2012)

     Wastewater Sludge 1% of methane at inlet to upgrading CA-GREET 2.0, RNG Tab, September 29, 2015,  
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm

TRANSMISSION AND 
DISTRIBUTION 0.4% OF NATURAL GAS THROUGHPUT CA-GREET 2.0, INPUTS TAB, SEPTEMBER 29, 2015,   

HTTPS://WWW.ARB.CA.GOV/FUELS/LCFS/CA-GREET/CA-GREET.HTM

USE IN VEHICLE 0.0375 GRAMS OF METHANE  
EMISSIONS PER MILE

CARB CERTIFIED HIGH-SOLIDS ANAEROBIC DIGESTION PATHWAY  
(CALIFORNIA AIR RESOURCES BOARD 2012)

Notes: 
aMethane leaks from the digester are based on CARB’s Livestock Offset Protocol under California’s cap-and-trade program (https://www.arb.ca.gov/regact/2014/capandtrade14/ctlivestockprotocol.
pdf). Biogas collection efficiencies in the Protocol are 98 percent for complete mix, plug flow, or fixed film digesters, 95 percent for bank-to-bank impermeable covered anaerobic lagoons, and (95 
percent * percent area covered) for partial area, impermeable anaerobic covered lagoons.
 bMethane leaks from this pathway are from feed and product gas compressors. 

https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm
https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet.htm
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Further analysis of life-cycle carbon intensities of various 
RNG pathways, including sensitivity analyses under a 
range of potential leakage rates and other assumptions, 
would improve our understanding of waste-derived RNG’s 
GHG reduction potential. 

In cases where biogas produced by wet wastes is collected 
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model developed by Argonne National Laboratory and 
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In this section, we synthesize research on the economic 
feasibility of RNG production from wet waste sources, 
including production costs, sources of revenue, cost sav-
ings and incentives, and market potential.

Costs to Produce RNG from Wet Waste
The costs to produce RNG from wet wastes typically include

▪
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Pipeline distribution
RNG project developers will need to ensure that all the 
RNG continuously produced from a project can be sold to 
end users, and it can be a challenge to deliver all the gas to 
end users (Underwood and Tomich 2012). In most current 
projects on the ground, the RNG producer and/or project 
investor also use at least a portion of the gas produced—
for example, in the case of municipalities that invest in 
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Figure 7  |  Estimated RNG Production Costs from Anaerobic Digestion of Wet Waste Sources
 

Notes:  Data are from four studies synthesizing costs from literature, economic models, and project data. RNG production costs reflect anaerobic digestion of waste sources to produce RNG for 
pipeline injection. The natural gas price provided for reference represents the 2017 average Henry Hub spot price for natural gas from the U.S. Energy Information Administration. 
Source: WRI. 

through 2030 (Brown 2017). Greater availability of natural 
gas vehicles presents an opportunity to replace relatively 
high carbon-intensity conventional natural gas with low 
and negative carbon-intensity RNG. But with production 
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In any case, diverting organic waste before it reaches the 
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This working paper has provided a starting point to under-
stand RNG’s potential as GHG reduction strategy, but 
more research and on-the-ground experience are needed 
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ENDNOTES
1.	 If dedicated crops, such as switchgrass, were used to produce RNG, 

additional GHG emissions would result from land-use change and 
decreased carbon sequestration from the opportunity cost of using 
land that could otherwise store carbon. Dedicated crops are not used to 
produce RNG today because the technologies used to convert them to 
gas are not yet commercially available, but they are sometimes included 
in assessments of RNG’s technical or market potential. 

2.	 According to the 2006 methodologies for national GHG reporting recom-
mended by the IPCC guidelines, methane has 25 times the overall global 
warming potential over 100 years of carbon dioxide, and the most recent 
IPCC comprehensive assessment raised this figure to 28–34. Because 
the production of methane from biomass means modestly fewer emis-
sions of carbon dioxide, the net additional warming multiple is roughly 
22 or 30. Because methane is a short-lived climate pollutant, use of a 
higher global warming potential to estimate RNG’s net GHG impacts may 
be appropriate, as discussed in more detail in Section 2.  

3.	 While yard waste is not generally considered a wet feedstock, we in-
clude it in our discussion because it is suitable for high-solids anaerobic 
digestion with food waste (California Air Resources Board 2012). 

4.	 The gas produced from thermochemical technologies, typically referred 
to as syngas, largely comprises carbon monoxide and hydrogen. The 
syngas can then be methanated, cleaned, and upgraded into RNG. 

5.	 According to the 2006 methodologies for national GHG reporting recom-
mended by the IPCC guidelines, methane has 25 times the overall global 
warming potential over 100 years of carbon dioxide, and the most recent 
IPCC comprehensive assessment raised this figure to 28–34. Because 
the production of methane from biomass means modestly fewer emis-
sions of carbon dioxide, the net additional warming multiple is roughly 
22 or 30. Because methane is a short-lived climate pollutant, use of a 
higher global warming potential to estimate RNG’s net GHG impacts may 
be appropriate, as discussed in more detail in Section 2.  

6.	 The EPA treats biogas produced in separated municipal solid waste 
digesters containing cellulosic materials that would otherwise end up 
in landfills as cellulosic biofuel under the rule in the same manner as 
landfill biogas. This is also true for digester gas from agricultural digest-
ers that process predominantly cellulosic materials such as manure, 
crop residue, and yard waste. However, wastes that are not predomi-
nantly cellulosic may be processed in waste digesters, for example 
non-manure animal waste and separated food waste high in starch and 
sugars. The predominantly non-cellulosic portion of the digester biogas 
would qualify as an advanced biofuel rather than a cellulosic biofuel, 
satisfying EPA’s required GHG reduction threshold of 50 percent. For 
more information, see: <https://www.gpo.gov/fdsys/pkg/FR-2014-07-18/
pdf/2014-16413.pdf>. 

7.	 On May 31, 2017, the EPA issued a 90-day stay of these rules. Since the 
stay expired on August 29, 2017, the existing rules are currently in effect, 
although EPA intends to complete reconsidering portions of the rules. 
For more information, see https://www.epa.gov/stationary-sources-air-
pollution/municipal-solid-waste-landfills-new-source-performance-
standards. 

8.	 Data in this paragraph was converted to common units using conversion 
factors from the U.S. Department of Energy: https://epact.energy.gov/
fuel-conversion-factors. 

9.	 This list only includes market potential studies that present RNG poten-
tial from waste feedstocks separately from RNG potential from dedicated 
energy crops.

10.	 If RNG were produced from energy-dedicated crops, calculation of 
life-cycle GHG emissions would also have to account for the GHG op-
portunity costs of using land, such as the carbon storage that its use 
for bioenergy would ultimately sacrifice. Many life-cycle calculations 
of bioenergy have been flawed because they do not fully account for 
these emissions. For more details, see Searchinger, and Heimlich (2015). 
Avoiding Bioenergy Competition for Food Crops and Land. Accessible 
at: http://www.wri.org/publication/avoiding-bioenergy-competition-
foodcrops-and-land.

11.	 For one effort to differentiate the costs of alternative uses of waste 
sources, see Brander et al. (2009). 

12.	 Methane has a global warming potential in the range of 25–34, and 
when biomass is converted to methane instead of carbon dioxide, the 
net additional warming multiple is roughly 22 or 30. By simple arithme-
tic, if converting a gram of carbon in biomass into methane instead of 
carbon dioxide increases the 100-year global warming impact 30 times, 
then a 3.3 percent leakage rate of the additional methane produced 
for RNG production would generate 100 percent of the warming effect 
over 100 years as allowing the biomass to be decomposed or burned 
into carbon dioxide. In that case, even if each gram of carbon in waste 
biomass replaced one gram of carbon in fossil fuels, the leakage rate 
would entirely eliminate the GHG reductions. With a net warming impact 
of 22, a leakage rate of 4.54 percent would eliminate all global warming 
benefits. 

13.	 The UNFCCC Clean Development Mechanism methodology for calcu-
lating project and leakage emissions from digesters provides default 
assumptions of 2.8–10 percent depending on the digester type (UNFCCC 
2012). The values are 2.8 percent for digesters with steel or lined 
concrete or fiberglass digesters and a gas holding system (egg shaped 
digesters) and monolithic construction; 5 percent for floating gas hold-
ers with no external water seal; and 10 percent for digesters with unlined 
concrete/ferro cement/brick masonry arched type gas holding section, 
monolithic fixed dome digesters, and covered anaerobic lagoons. The 
IPCC recommends a default assumption of 5 percent absent additional 
information in its guidelines on national GHG inventory development 
(IPCC 2006). Other estimates from projects in Sweden indicate that 
average methane leakage rates from biogas production at wastewater 
treatment plants, digesters of separated household waste, and digesters 
of industrial waste are 3 percent, 1.7 percent, and 0.2 percent of biogas 
produced, respectively (Jonerholm and Lundborg 2012).

14.	 Estimated using data from Table VI-6 from California Air Resources Board 
(2014a). We assumed methane emissions from anaerobic digestion and 
management of the supernatant and digestate would have occurred 
if RNG were not produced as part of wastewater treatment practices, 
so the only additional methane emissions were due to biogas refining 
stages 1 and 2 and combustion in the vehicle. The estimate accounts 
for avoided methane emissions from off-site power generation that is 
displaced under the RNG pathway. 

15.	 Personal communication with Sarah Rizk, Director of Business and Sales 
at Loci Controls. 

https://www.epa.gov/stationary-sources-air-pollution/municipal-solid-waste-landfills-new-source-performance-standards
https://www.epa.gov/stationary-sources-air-pollution/municipal-solid-waste-landfills-new-source-performance-standards
https://www.epa.gov/stationary-sources-air-pollution/municipal-solid-waste-landfills-new-source-performance-standards
https://epact.energy.gov/fuel-conversion-factors
https://epact.energy.gov/fuel-conversion-factors
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